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Glass ionomer cement (GIC) is a well-known restorative material applied in 
dentistry, especially as restorative and luting materials. The present work aims 
to enhance the physical, structural and mechanical properties of GIC with the 
addition of hydroxyapatite (HA) since GIC is lacking in the mechanical strength 
which then limits the use of GIC as restorative material. In this research, waste 
materials consisting of clam shell (CS) and soda lime silica (SLS) glass are used 
in the manufacture of alumino-silicate-fluoride (ASF) glass ceramics through 
melt-quench technique. Meanwhile, synthesized HA powder was obtained by 
wet chemical precipitation method using CS as the starting material. The control 
and modified GIC samples were formulated based on a 3:1:1 ratio referring to 
ASF glass ceramics/HA: polyacrylic acid (PAA): deionized water. All GIC 
samples were subjected to four different ageing time before being characterized 
by density measurement, X-ray diffraction (XRD), Fourier transform infrared 
(FTIR), field emission scanning electron microscopy (FESEM), energy 
dispersive X-ray (EDX) and compressive strength test. CS and SLS glass are 
characterized by X-ray fluorescence (XRF) in which the main composition of 
calcium (Ca) and silicon (Si) respectively encourage the use of waste materials 
in sample preparation. The existence of fluorapatite (FA) crystal phase in ASF 
glass ceramics sample was confirmed by XRD, FTIR and FESEM analysis. In 
addition, the inclusion of HA into the GIC formulation causes an increase in 
density results. XRD of modified GIC samples detect the presence of 
fluorohydroxyapatite (FHA) crystal peaks and is confirmed by the OHF 
chemical bond at FTIR wavenumber ~3550 cm-1. The morphology of FESEM 
reveals the formation of spherical particles and agglomerated needle-like 
belonging to apatite crystals. Moreover, ageing time of control and modified GIC 
samples did not have a significant effect on the structural properties. The 
calcium to phosphate (Ca/P) ratio of GIC samples in the range of 1.76 to 3.31 
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allows the suitability of these materials for implantation purposes. Modified GIC 
samples show higher compressive strength compared to control GIC. The 
compressive strength increases with increasing ageing time. GIC added with 5 
wt.% of commercial HA at 21 days of ageing time produced the highest 
compressive strength with 90.12 MPa. Overall, the addition of HA into GIC 
provides excellent results and better properties to encourage its use as a 
restorative material in dentistry. 
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Simen ionomer kaca (GIC) adalah bahan pemulihan terkenal yang digunakan 
dalam pergigian terutamanya sebagai bahan restoratif dan lute. Kerja ini 
bertujuan untuk meningkatkan sifat fizikal, struktur dan mekanik GIC dengan 
penambahan hidroksiapatit (HA) kerana GIC kekurangan kekuatan mekanik 
yang kemudian membatasi penggunaan GIC sebagai bahan pemulihan. 
Dalam penyelidikan ini, bahan buangan yang terdiri daripada kulit kerang (CS) 
dan kaca soda kapur silika (SLS) digunakan dalam pembuatan seramik kaca 
alumino-silicate-fluoride (ASF) melalui teknik lindapan leburan. Sementara itu, 
serbuk HA yang disintesis diperoleh dengan kaedah pemendakan kimia basah 
menggunakan CS sebagai bahan permulaan. Sampel GIC kawalan dan 
diubahsuai dirumuskan berdasarkan nisbah 3:1:1 merujuk kepada seramik 
kaca ASF/HA: asid poliakrilik (PAA): air deionisasi. Semua sampel GIC 
dikenakan empat masa penuaan yang berbeza sebelum dicirikan oleh 
pengukuran ketumpatan, difraksi sinar-X (XRD), inframerah transformasi 
Fourier (FTIR), mikroskop elektron pengimbas pelepasan medan (FESEM), 
sinar-X penyebaran tenaga (EDX) dan ujian kekuatan mampatan. CS dan 
kaca SLS dicirikan oleh pendarfluor sinar-X (XRF) di mana komposisi berat 
utama kalsium (Ca) dan silikon (Si) masing-masing mendorong penggunaan 
bahan buangan dalam penyediaan sampel. Kewujudan fasa kristal fluorapatit 
(FA) dalam sampel seramik kaca ASF disahkan oleh analisis XRD, FTIR dan 
FESEM. Di samping itu, kemasukan HA ke dalam formulasi GIC 
menyebabkan peningkatan hasil kepadatan. XRD sampel GIC yang 
diubahsuai mengesan kehadiran puncak kristal fluorohidroksiapatit (FHA) dan 
disahkan oleh ikatan kimia OHF pada nombor gelombang FTIR ~3550 cm-1. 
Morfologi FESEM memperlihatkan pembentukan zarah sfera dan seperti 
jarum terkumpul milik kristal apatit. Lebih-lebih lagi, masa penuaan sampel 
GIC kawalan dan GIC yang diubah tidak memberi kesan yang signifikan 
terhadap sifat struktur. Nisbah Ca/P sampel GIC dalam julat 1.76 hingga 3.31 
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membolehkan kesesuaian bahan-bahan ini untuk tujuan implantasi. Sampel 
GIC yang diubah menunjukkan kekuatan mampatan yang lebih tinggi 
berbanding dengan GIC kawalan. Kekuatan mampatan meningkat dengan 
bertambahnya masa penuaan. GIC dengan penambahan 5 wt.% HA 
komersial pada 21 hari masa penuaan menghasilkan kekuatan mampatan 
tertinggi dengan 90.12 MPa. Secara keseluruhan, sampel GIC yang ditambah 
dengan HA memberikan hasil yang sangat baik dan sifat yang lebih baik untuk 
mendorong penggunaannya sebagai bahan pemulihan dalam pergigian. 
 
 
  

© C
OPYRIG

HT U
PM



v 

ACKNOWLEDGEMENTS 

Alhamdulillah. Thank you to Allah SWT, who with His pleasure gave me an 
opportunity to complete this research. Without His guidance and assistance, I 
believe I will have a difficult time finishing this thesis. 

My project supervisor, Assoc. Prof. Dr. Khamirul Amin bin Matori, deserves 
special recognition for his advice, recommendations and encouragement 
throughout the research process. The invaluable help in the form of moral 
support, thoughtful ideas and useful knowledge greatly helped me along the 
way to complete this study. Not forgetting to thank the co-supervisors, Dr. 
Mohd Hafiz bin Mohd Zaid and Dr. Norhazlin binti Zainuddin, who offered 
invaluable assistance during this period. 

I would like to express my gratitude to Mohammad Zulhasif bin Ahmad Khiri, 
Nadia Asyikin binti Abdul Rahman and Rohaniah binti Abdul Jalil for their 
kindness and moral support while I was studying. Every suggestion, idea and 
guidance they gave helped me to solve the problems that arose during this 
study period. The same goes for help in various forms given by colleagues, 
especially CURL lab members. 

Apart from that, I would also like to convey my gratefulness to the Department 
of Physics, Faculty of Science and Institute of Advanced Technology UPM for 
giving me permission to use instruments and equipment while carrying out this 
project. I would also like to express my appreciation to the entire staff of 
Faculty of Science for their cooperation. 

Finally, I want to express my sincere thanks to my loving family, especially my 
parents for their unending support, prayers and motivation. Your generosity 
means a lot to me, especially to those who contributed indirectly to this study. 
Thank you so much for everything. 

© C
OPYRIG

HT U
PM



vii 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has 
been accepted as fulfilment of the requirement for the degree of Master of 
Science. The members of the Supervisory Committee were as follows: 

Khamirul Amin bin Matori, PhD 

Associate Professor 
Faculty of Science 
Universiti Putra Malaysia  
(Chairman) 

Mohd Hafiz bin Mohd Zaid, PhD 
Senior Lecturer 
Faculty of Science 
Universiti Putra Malaysia  
(Member) 

Norhazlin binti Zainuddin, PhD 

Senior Lecturer 
Faculty of Science 
Universiti Putra Malaysia  
(Member) 

___________________________ 
ZALILAH MOHD SHARIFF, PhD  

Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 

Date: 06 May 2021 

© C
OPYRIG

HT U
PM



 
x 

TABLE OF CONTENTS 
 
 

 Page 
 

ABSTRACT i 
ABSTRAK iii 
ACKNOWLEDGEMENTS v 
APPROVAL vi 
DECLARATION viii 
LIST OF TABLES  xiii 
LIST OF FIGURES xv 
LIST OF ABBREVIATIONS AND SYMBOLS xix 
  
CHAPTER  
  

1 INTRODUCTION 1 

1.1 Research background 1 

1.2 Problem statements 4 
1.3 Objectives of study 5 

1.4 Importance of study 5 
1.5 Outline of thesis 5 

 
2 LITERATURE REVIEW 6 

2.1 Biomaterials and bioceramics 6 
2.2 Glass ionomer cement (GIC) 8 

2.2.1 History, clinical development and clinical uses 
of GIC 8 

2.2.2 Setting reaction and properties of GIC 10 
2.2.3 Classification and components of GIC 12 

2.3 Hydroxyapatite (HA) 13 
2.3.1 Definition, properties and application of HA 13 

2.3.2 Basic structure of HA 15 
2.3.3 Synthesize of HA from waste materials 16 

2.4 Alumino-silicate-fluoride (ASF) glass  ceramics 17 
2.5 Addition of hydroxyapatite and fluorapatite into GIC 19 

 
3 METHODOLOGY 24 

3.1 Sample preparation 24 
3.1.1 Preparation of raw materials 24 

3.1.2 Fabrication of ASF glass ceramics powder 25 
3.1.3 Synthesize of HA powder 25 

3.1.4 Formulation of ASF glass ceramics and 
commercial/synthesized HA powder 26 

3.1.5 Preparation of control and modified GIC 
samples 28 

3.2 Sample characterization 28 
3.2.1 X-ray fluorescence (XRF) spectroscopy 29 

3.2.2 Density 30 

© C
OPYRIG

HT U
PM



xi 

3.2.3 X-ray diffraction (XRD) spectroscopy 31 
3.2.4 Fourier transform infrared (FTIR) 

spectroscopy 32 
3.2.5 Field emission scanning electron microscopy 

(FESEM) 33 
3.2.6 Energy dispersive X-ray (EDX) spectroscopy 34 

3.2.7 Compressive strength test 34 

4 RESULTS AND DISCUSSION 36 

4.1 XRF analysis of CS and SLS glass 36 

4.1.1 Analysis of ‘Anadara granosa’ clam shell 36 
4.1.2 Analysis of ‘Jalen soy sauce’ SLS glass bottle 38 

4.2 Density analysis 40 
4.2.1 Density of control and modified GIC samples 

for different composition of HA and ageing 
time  40 

4.3 XRD analysis 43 
4.3.1 XRD analysis of CS and SLS glass 43 

4.3.2 XRD analysis of ASF glass ceramics 46 
4.3.3 XRD analysis of commercial and synthesized 

HA 47 
4.3.4 XRD analysis of control GIC with different 

ageing time 49 
4.3.5 XRD analysis of modified GIC samples for 

different HA composition and ageing time 50 
4.4 FTIR analysis 61 

4.4.1 FTIR analysis of ASF glass ceramics 62 
4.4.2 FTIR analysis of commercial and synthesized 

HA 64 
4.4.3 FTIR analysis of control GIC with different 

aging time 66 
4.4.4 FTIR analysis of modified GIC samples for 

different ratio and ageing time 68 
4.5 FESEM analysis 78 

4.5.1 FESEM analysis of ASF glass ceramics 79 
4.5.2 FESEM analysis of commercial and 

synthesized HA 79 
4.5.3 FESEM analysis of control GIC with different 

ageing time 80 
4.5.4 FESEM analysis of modified GIC samples for 

different HA composition and ageing time 82 
4.6 EDX analysis 91 

4.6.1 EDX analysis of ASF glass ceramics 91 
4.6.2 EDX analysis of commercial and synthesized 

HA 93 
4.6.3 EDX analysis of control and modified GIC at 

different ageing time 94 
4.7 Compressive strength analysis 96 

© C
OPYRIG

HT U
PM



 
xii 

4.7.1 Compressive strength of control and modified 
GIC samples for different HA composition and 
ageing time 97 

4.8 Further discussion of FA, HA and FHA 102 
 

5 CONCLUSION AND RECOMMENDATIONS 107 

5.1 Conclusion 107 
5.2 Recommendation for future research 109 

 
REFERENCES 110 

APPENDICES 126 
BIODATA OF STUDENT 127 

LIST OF PUBLICATIONS 128 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



xiii 

LIST OF TABLES 

Table Page 

2.1 Classification of biomaterials based on different biological 
responses  7 

2.2 Types of calcium phosphate and their properties 14 

2.3 Previous studies of synthesize HA from waste materials through 
wet chemical precipitation method 17 

2.4 Previous studies on the effect of HA and FA particles addition 
into GIC 22 

3.1 Ratio of ASF glass ceramics to commercial/synthesized HA 
powder by weight percentage (wt.%) 26 

4.1 Chemical composition of raw and calcined CS 37 

4.2 Chemical composition of SLS glass 39 

4.3  Density of control and modified GIC samples for different HA 
composition and ageing time 41 

4.4 Average crystallite size of control and modified GIC samples for 
different HA composition and ageing time 60 

4.5 Lattice parameters, crystal structure and space group of HA, 
FHA and FA 61 

4.6 FTIR spectral band assigned to the vibrational modes of ASF 
glass ceramics 63 

4.7 Wavenumber of band location existed in commercial and 
synthesized HA 64 

4.8 FTIR spectral band assigned to the vibrational modes of 
commercial and synthesized HA 65 

4.9 FTIR spectral band assigned to the vibrational modes of control 
GIC sample 67 

4.10 FTIR spectral band assigned to the vibrational modes of GIC 
added with commercial HA 69 

4.11 FTIR spectral band assigned to the vibrational modes of GIC 
added with synthesized HA 76 

4.12 Chemical composition of ASF glass ceramics powder 93 

© C
OPYRIG

HT U
PM



 
xiv 

4.13 Chemical composition of commercial and synthesized HA 94 

4.14 Ca/P ratio of control and modified GIC samples for different HA 
composition and ageing time 96 

4.15 Compressive strength of control and modified GIC samples for 
different HA composition and ageing time 100 

4.16 Vibrational modes of ASF glass ceramics, HA (commercial and 
synthesized), control and modified GIC samples 105 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© C
OPYRIG

HT U
PM



xv 

LIST OF FIGURES 

Figure Page 

1.1 Classification of synthetic biomaterials 2 

2.1 Classes of bioceramics and their examples 8 

2.2 Setting reaction of GIC 11 

2.3 Classification and classes of GIC 12 

2.4 Application of HA in biomedical field 15 

2.5 Basic crystal structure of HA 16 

2.6 Schematic diagram of setting reaction of HA-added GIC 19 

3.1 Overview of ASF glass ceramics added with 
commercial/synthesized HA powder preparation 27 

3.2 Formulation of control and modified GIC samples 28 

3.3 The generation of X-ray fluorescence radiation 29 

3.4 The diagram of XRF spectrometer 30 

3.5 Forces of air and distilled water exerted on suspended pellets 31 

3.6 The application of Bragg’s law in XRD spectroscopy 32 

3.7 The diagram of interferometer in FTIR spectroscopy 33 

3.8 A schematic diagram of FESEM technique 34 

3.9 Compressive strength test of GIC samples 35 

4.1 Chemical composition of raw CS 38 

4.2 Chemical composition of calcined CS 38 

4.3 Chemical composition of SLS glass 39 

4.4 Density of GIC and GIC added with different composition of 
commercial HA and ageing time 42 

4.5 Density of GIC and GIC added with different composition of 
synthesized HA and ageing time 42 

4.6 XRD pattern of (a) raw CS and (b) calcined CS 45 

© C
OPYRIG

HT U
PM

file://///PC13/Delivery%202021/5%20DELIVERY%20MAY%202021/6075%20WAN%20NURSHAMIMI%20BINTI%20WAN%20JUSOH/4.%20Thesis%20(GS52398).docx%23_Toc73379196
file://///PC13/Delivery%202021/5%20DELIVERY%20MAY%202021/6075%20WAN%20NURSHAMIMI%20BINTI%20WAN%20JUSOH/4.%20Thesis%20(GS52398).docx%23_Toc73379196


 
xvi 

4.7 XRD pattern of SLS glass 46 

4.8 XRD pattern of ASF glass ceramics 47 

4.9 XRD pattern of (a) synthesized HA and (b) commercial HA 49 

4.10 XRD pattern of control GIC sample at (a) 1 day, (b) 7 days, 
(c) 14 days and (d) 21 days of ageing time 50 

4.11 XRD pattern of GIC added with 1 wt.% of commercial HA sample 
at (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing 
time 52 

4.12 XRD pattern of GIC added with 3 wt.% of commercial HA sample 
at (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing 
time 53 

4.13 XRD pattern of GIC added with 5 wt.% of commercial HA sample 
at (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing 
time 54 

4.14 XRD pattern of GIC added with 7 wt.% of commercial HA sample 
at (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing 
time 55 

4.15 XRD pattern of GIC added with 9 wt.% of commercial HA sample 
at (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing 
time 56 

4.16 XRD pattern of GIC added with 10 wt.% of commercial HA 
sample at (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 days of 
ageing time 57 

4.17 XRD pattern of GIC added with 1 wt.% of synthesized HA sample 
at (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing 
time 58 

4.18 XRD pattern of GIC added with 3 wt.% of synthesized HA sample 
at (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing 
time 59 

4.19 Average crystallite size of control GIC and GIC added with 
commercial HA at different ageing time 60 

4.20 Average crystallite size of control GIC and GIC added with 
synthesized HA at different ageing time 61 

4.21 FTIR pattern of ASF glass ceramics 63 

4.22 FTIR pattern of (a) commercial HA and (b) synthesized HA 65 

© C
OPYRIG

HT U
PM



xvii 

4.23 FTIR pattern of control GIC sample at (a) 1 day, (b) 7 days, 
(c) 14 days and (d) 21 days of ageing time 68 

4.24 FTIR pattern of GIC added with 1 wt.% of commercial HA at (a) 
1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing time 70 

4.25 FTIR pattern of GIC added with 3 wt.% of commercial HA for (a) 
1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing time 71 

4.26 FTIR pattern of GIC added with 5 wt.% of commercial HA for (a) 
1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing time 72 

4.27 FTIR pattern of GIC added with 7 wt.% of commercial HA for (a) 
1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing time 73 

4.28 FTIR pattern of GIC added with 9 wt.% of commercial HA for (a) 
1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing time 74 

4.29 FTIR pattern of GIC added with 10 wt.% of commercial HA for 
(a) 1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing 
time 75 

4.30 FTIR pattern of GIC added with 1 wt.% of synthesized HA for (a) 
1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing time 77 

4.31 FTIR pattern of GIC added with 3 wt.% of commercial HA for (a) 
1 day, (b) 7 days, (c) 14 days and (d) 21 days of ageing time 78 

4.32 FESEM micrograph of ASF glass ceramics sample under 
magnification of (a) 5000× and (b) 10000× 79 

4.33 FESEM micrograph of (a) commercial HA and (b) synthesized 
HA 80 

4.34 FESEM micrograph under magnification of 10000× for control 
GIC sample with (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 
days of ageing time 81 

4.35 FESEM micrograph under magnification of 25000× for control 
GIC sample with (a) 1 day, (b) 7 days, (c) 14 days and (d) 21 
days of ageing time 82 

4.36 FESEM micrograph under magnification of 10000× for GIC 
added with 1 wt.% of commercial HA at (a) 1 day, (b) 7 days, (c) 
14 days and (d) 21 days of ageing time 83 

4.37 FESEM micrograph under magnification of 25000× for GIC 
added with 1 wt.% of commercial HA at (a) 1 day, (b) 7 days, (c) 
14 days and (d) 21 days of ageing time 84 

© C
OPYRIG

HT U
PM



 
xviii 

4.38 FESEM micrograph under magnification of 25000× for GIC 
added with 3 wt.% of commercial HA at (a) 1 day, (b) 7 days, (c) 
14 days and (d) 21 days of ageing time 85 

4.39 FESEM micrograph under magnification of 25000× for GIC 
added with 5 wt.% of commercial HA at (a) 1 day, (b) 7 days, (c) 
14 days and (d) 21 days of ageing time 86 

4.40 FESEM micrograph under magnification of 25000× for GIC 
added with 7 wt.% of commercial HA at (a) 1 day, (b) 7 days, (c) 
14 days and (d) 21 days of ageing time 87 

4.41 FESEM micrograph under magnification of 25000× for GIC 
added with 9 wt.% of commercial HA at (a) 1 day, (b) 7 days, (c) 
14 days and (d) 21 days of ageing time 88 

4.42 FESEM micrograph under magnification of 25000× for GIC 
added with 10 wt.% of commercial HA at (a) 1 day, (b) 7 days, 
(c) 14 days and (d) 21 days of ageing time 89 

4.43 : FESEM micrograph under magnification of 25000× for GIC added 
with 1 wt.% of synthesized HA at (a) 1 day, (b) 7 days, (c) 14 
days and (d) 21 days of ageing time 90 

4.44 FESEM micrograph under magnification of 25000× for GIC 
added with 3 wt.% of synthesized HA at (a) 1 day, (b) 7 days, (c) 
14 days and (d) 21 days of ageing time 91 

4.45 EDX spectra of ASF glass ceramics 93 

4.46 EDX spectra of control GIC sample 96 

4.47 Compressive strength of control GIC and GIC added with 
commercial HA at different ageing time 101 

4.48 Compressive strength of control GIC and GIC added with 
synthesized HA at different ageing time 101 

4.49 FESEM images of FA, HA and FHA crystals 106 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 
xix 

LIST OF ABBREVIATIONS AND SYMBOLS 
 
 
HA Hydroxyapatite 

GIC Glass ionomer cement 

CS Clam shell 

SLS Soda lime silica 

ASF Alumino-silicate-fluoride 

PAA Polyacrylic acid 

SBF Simulated body fluid 

HCA Hydroxycarbonate apatite 

nCDHA nanocrystalline calcium deficient hydroxyapatite 

FA Fluorapatite 

FHA Fluorohydroxyapatite 

XRF X-ray fluorescence 

EDX Energy dispersive X-ray 

XRD X-ray diffraction 

FESEM Field emission scanning electron microscopy 

FTIR Fourier transform infrared spectroscopy 

TGA Thermogravimetric analysis 

Ca/P Calcium to phosphate 

P/L Powder to liquid 

ICDD International Center Diffraction Data 

n Integer 

λ Wavelength 

dplane Distance between the lattice planes 

θ Angle between the incident and lattice plane 

© C
OPYRIG

HT U
PM



 
xx 

ρ Density 

m Mass 

V Volume 

ρ
sample

 Density of sample 

Wair Weight of sample in air 

Wdistilled water Weight of sample in distilled water 

ρ
distilled water

 Density of distilled water 

wt.% Weight percentage 

σ Compressive strength 

F Maximum load applied 

dsample Average diameter of sample 

  

 

 

 

 

 

 

 

 

 

 

 

 © C
OPYRIG

HT U
PM



 
1 

CHAPTER 1 

1 INTRODUCTION 

This chapter presents a concise description about the background of study 
regarding the effect of hydroxyapatite (HA) addition into glass ionomer cement 
(GIC). Besides, problem statements and research aims are also stated in this 
chapter. This is accompanied by importance of the study and also thesis 
outline as a framework which is significant to this study. 

1.1 Research background 

The application of biomaterials and bioceramics in the medical and dental field 
is being extensively studied by researchers. Materials which are implanted and 
used in the body are known as biomaterials. Biomaterials can be divided into 
two categories, known as natural and synthetic biomaterials. Natural 
biomaterials are any materials produced from plants or animals and used to 
replace or restore impaired body tissues and organs. (El-Meliegy and Noort, 
2012; Parida et al., 2012). According to Basu and Nath (2010), earliest use of 
natural biomaterials was reported from ancient Egypt, whereby people created 
sutures from animal sinew. Meanwhile, materials that were created and 
engineered with the purpose of implantation in the human body are called 
synthetic biomaterials. Generally, synthetic biomaterials are classified into 
metals, polymers, ceramics and semiconductor materials (El-Meliegy and 
Noort, 2012). The classification of synthetic biomaterials is depicted in Figure 
1.1. 

In the field of dentistry, the application of biomaterials is also a concern where 
the use of materials that respond well and are safe to use in the human oral 
environment, especially tooth anatomy can help improve tooth structure as 
well as their function. For dental implant, the earliest reported materials 
applied in human dentistry are amalgam, composite resins and cements 
(Khoroushi and Keshani, 2013). Amalgam, the most popular researched filling 
material in dental treatment has been used for more than a century. The main 
use of amalgam or known as silver fillings in dental treatment is to fill cavities 
in tooth structure caused by tooth decay. Basically, amalgam is formed by 
mixing metals which include mercury and alloy powder composed of silver, tin 
and copper. This reaction resulted in amalgam production with high 
mechanical strength and excellent durability. However, lack of aesthetics 
properties, low thermal sensitivity and the mercury content in amalgam 
composition create a controversy on the toxicity and allergy to the human 
body, thus restricting the use of amalgam as dental filling. 

 

© C
OPYRIG

HT U
PM



2 

Figure 1.1 : Classification of synthetic biomaterials 

(El-Meliegy and Noort, 2012) 

Therefore, various types of dental products had been created along the needs 
to fulfil the requirement of a dental implant especially for repairing and 
restoration of tooth structure. Glass ionomer cement (GIC), also recognized 
as glass polyalkenoate cement, is a biomaterial that was introduced as a luting 
and restorative material in dental applications. Wilson and Kent discovered 
GIC in the early of 1970s (Wilson and Kent, 1972). This well-known restorative 
material composed of powdered glass which reacted in acid base reaction with 
the existence of water as a medium of reaction. According to Akinmade and 
Nicholson (1993), GIC is a water-based cement in which the glass powder and 
polyalkenoic acid experience acid base reaction upon combining. 

One of the noticeable applications of dental cements is to secure metal and 
non-metal inlays, crowns and bridges to the surface of the dentures 
permanently for the purpose of restoring tooth’s appearance, structure or 
function. GIC is one of the dental fillings materials which are available in 
dentistry. The use of GIC can be more advantageous especially for physical 
appearance since it is known as tooth-colored material. Besides, fluoride ion 
release from the GIC system makes it to be considered as therapeutic dental 
materials, whereby the fluoride ion is important for the remineralization 
process in preventing tooth decay. 
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Due to outstanding properties such as biocompatible with the tissues in tooth 
structure, have good adhesion properties, stable in aqueous environment and 
lack of exothermic polymerization, the use of GIC in dental application is a 
concern. Other than that, fluoride release from GIC especially in acidic 
conditions helps in preventing tooth decay since fluoride can resist the 
demineralization process. Some research measured into the ideal conditions 
for a material to function as a dental cement in terms of biological, chemical, 
thermal, mechanical, and other influences. (Sita et al., 2014; Sidhu and 
Nicholson, 2016). However, instead of having excellent properties as 
restorative material, the use of GIC is still limited since it performs poor 
mechanical properties. Therefore, in order to overcome these drawbacks, 
several researches were carried through and aimed at upgrading the 
mechanical characteristics of GIC. One of the attempts made to solve the 
problem was the inclusion of ceramics material or bioceramics. 

Hydroxyapatite (HA) is a well-known bioceramics which belongs to calcium 
phosphate group with calcium to phosphate (Ca/P) ratio 1.67 and 
Ca10(PO4)6(OH)2 as molecular formula, close to the bone and tooth structure 
apatite composition (Arita et al., 2011; Bardhan et al., 2011; Goenka et al., 
2012; Kantharia et al., 2014; Pepla et al., 2014). HA promises toughness 
comparable to natural bone and tooth along with excellent biocompatibility 
(Wang et al., 2010; Khiri et al., 2016). Enamel, dentin and cementum which 
are parts of tooth structure contain high composition of HA which is 
responsible for biocompatibility and osteoconductivity of the tooth (Pepla et 
al., 2014; Pajor et al., 2019). Furthermore, HA exhibits properties such as non-
toxicity, non-immunogenic, non-inflammatory and good bioactivity, making it 
an excellent material for clinical use, especially for bone scaffolds and dental 
implant materials (Sadat-Shojai et al., 2013; Rujitanapanich et al., 2014). 

In this study, the formulation of GIC is based on the mixing of alumino-silicate-
fluoride (ASF) glass ceramics as base silicate powder, polyacrylic acid (PAA) 
as polyacid and water as a reaction medium. The utilization of waste materials 
such as clam shell (CS) and soda lime silica (SLS) glass in the fabrication of 
ASF glass ceramics and also CS in the synthesize of synthesized HA powder, 
being an interesting subject to research. Based on Awang-Hazmi et al. (2007), 
major mineral composed in CS is calcium carbonate (CaCO3) at about 98.70% 
which then can be converted to calcium oxide (CaO) by calcination process 
(Awang-Hazmi et al., 2007; Jusoh et al., 2019; Rahman et al., 2019). 
Meanwhile, silicon dioxide (SiO2) is the main composition of the SLS glass 
which is composed about 73.9 % of the silica (Thoo et al., 2013). Thus, CS 
and SLS glass are used as replacement for the respective CaO and SiO2 
sources. Moreover, the utilization of waste materials can help in reducing the 
environmental pollution and help in producing the economical paste cements. 
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1.2 Problem statements 

Waste materials which are CS and SLS glass are utilized in the sample 
preparation as CaO and SiO2 sources, respectively. The use of these waste 
materials can be a great help in reducing the disposal problem and also reduce 
the cost of material fabrication. 

GIC is a very beneficial restorative material used in dentistry since it is 
biocompatible and performs good chemical adherence to tooth structure 
(Rahman et al., 2017; Khiri et al., 2020). Besides, fluoride ion release 
performed by GIC after being applied to human teeth is important in preventing 
tooth decay. However, despite having many advantages, GIC is lacking in 
terms of mechanical properties. Weak mechanical properties have been 
established including poor flexural strength, low fracture strength and 
toughness, weak wear resistance as well as opaqueness, thereby restricting 
the use of GIC as restorative material in dentistry (Lohbauer, 2010). 

Researchers have attempted a variety of methods to develop mechanical 
properties of GIC, including adding other fillers to strengthen it. For example, 
reinforcement with metal powders (Irie and Nakai, 1988), modification with 
resin (Farrugia and Camilleri, 2015), incorporation with SiC whiskers/short 
fibers (Arita et al., 1992; Kobayashi et al., 2000; Lihua et al., 2010) as well as 
HA (Khaghani et al., 2016a; Alatawi et al., 2019), fluorapatite (FA) 
nanobioceramics (Moshaverinia et al., 2008) and forsterite nanoparticles 
(Sayyedan et al., 2014). The inclusion of HA powder into the GIC composition 
is aimed at enhancing the mechanical, physical, and structural properties of 
the resulting GIC in this research. 

The mechanical strength of the resulting GIC will be improved by the presence 
of HA crystal. This is because an intermediate layer forms between the HA 
crystal and the GIC matrix, which is highly resistant to acid attack and difficult 
to break (Moshaverinia et al., 2008; Arita et al., 2011). Excessive amounts of 
HA in GIC, conversely, will reduce mechanical strength of the resulting GIC 
because the chemical bonding between the HA particles and the polymeric 
chain of the GIC matrix weakens (Khaghani et al., 2016a). Therefore, the 
investigation on the suitable ratio of HA to be incorporated with ASF glass 
ceramics powder for GIC production is important to find the suitable amount 
of HA addition for optimum effects especially for mechanical properties. © C
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1.3 Objectives of study 

This research concentrated on the addition of HA into GIC in contemplation of 
improving the mechanical properties of resulting GIC. Therefore, the principal 
aims of this research are: 

1. To prepare ASF glass ceramics powder derived from CS and SLS glass.

2. To study the effect of commercial and synthesized HA into GIC
composition on physical, structural and mechanical properties of the
modified GIC

3. To investigate the suitable ratio of commercial and synthesized HA to be
incorporated with ASF glass ceramics powder for GIC production.

4. To examine the effect of ageing time on control and modified GIC
samples.

1.4 Importance of study 

The research of HA added to GIC is important in order to improve the modified 
GIC's physical, structural, and mechanical properties, which are generally 
used in dentistry. Besides, the investigation of suitable ratio of HA to be added 
with ASF glass ceramics powder before being formulated to GIC is conducted 
by analyzing the optimum results of the modified GIC. Since there is limited 
studies of formulation of GIC from waste, this can lead to extensive research 
of formulating GIC by using waste materials and the improvement of the 
properties of the resulting GIC. 

1.5 Outline of thesis 

The description of this thesis is divided into five chapters. Chapter 1 gives an 
explanation on the background of study, problem statements, objectives and 
importance of study. Chapter 2 covers the previous works that had been done 
by other researchers and mostly focused on the biomaterials and bioceramics, 
GIC, HA, ASF glass ceramics and HA addition into GIC composition. 
Meanwhile, Chapter 3 focuses on the methodology used in this work starting 
from preparation of raw materials, fabrication of ASF glass ceramics powder, 
HA powder, GIC samples and also sample characterization. Next, the results 
concerning the effect of incorporating HA into GIC on their physical, structural 
and mechanical properties are analyzed and discussed in Chapter 4. Lastly, 
Chapter 5 gives the conclusion and also the recommendation for future works. 
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